
SPECTROSCOPIC CHARACTERIZATION OF ARGONNE PREMIUM COALS 
AND SHORT RESIDENCE TIME LIQUEFACTION PRODUCTS 

James A. Franz, Mikhail S. Alnajjar, and John C. Linehan 

Pacific Northwest Laboratory 
P. 0. Box 999 

Richland, Washington 99337 

ABSTRACT 

Illinois No. 6 (high volatile bituminous) , Pittsburgh No. 8 (bituminous), 
Wyoming Subbituminous, Pennsylvania Upper Freeport (medium volatile bituminous) 
and Pocahontas 13 (low volatile bituminous) coals from the Argonne Premium Coal 
Sample Program were heated In tetralln for 10 minutp3 at 430 r5O C. 
were examined by gel permeation chromatography and 
for conversion of the coals to THF-soluble products were determined. Yields 
and GPC characteristics of products from direct extraction of the coals with 
THF were determined. 
to products below MW 600, appears to be Wyoming subbituminous. 

The products 
C NMR spectroscopy. Yields 

The most reactive coal in this group, based on conversion 

INTRODUCTION 

The availability of pristine coal samples from the Argonne Premium Coal 
Program now makes possible the meaningful comparison of experimental results of 
spectroscopic studies and reactions between laboratories. In previous work 
with medium-rank coals, we have examined the structural evolution o f  thermal 
degradation products by NMR and gel permeation chromatography (GPC) techniques, 
and we have characterized the processes of hydrogen transfer and exchange under 
liquefaction conditions using deuterium labeling techniques(1-3). 
we present results of a study of the molecular weight distributions of products 
liberated from a short (10 minute) exposure of five of the pygmium coals to 
thermal decomposition in tetralin at 430 OC, and results of C NMR 
characterization of the fractionated products. 

In this paper 

EXPERIMENTAL 

Coals The five coals examined in this study were Pennsylvania Upper Freeport medium volatile bituminous coal (Penn UF), coal ID 101; Wyoming subbituminous 
coal (WYO), coal ID 201; Illinois No. 6 high volatile bituminous (Ill #6), coal 
ID 301: Pittsburgh #E bituminous coal (Pitt # 8 ) ,  coal ID 401; and Pocahontas 
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#3 low v o l a t i l e  bituminous coal (POC #3) ,  Coal ID 501. 
Extraction of Coals w i t h  THF. 
three 100 mL port ions of tetrahydrofuran (THF). 
through a 0.45 micron Mil l ipore type FH f i l t e r ,  concentrated, weighed, and 
examined by GPC and NMR. 

Reactions of Coals w i t h  Tetral in .  The react ions of the coa ls  w i t h  t e t y a l i n  
were car r ied  out  i n  3-mL s t a i n l e s s  s t e e l  vessels  described previously' 
(2 mL) and coal (1  g) were added, and the  tube was heated f o r  10 minutes a t  
430+5 OC i n  a Tecam SBS-4 f lu id ized  sand bath. 
ou t  w i t h  THF. The THF solut ion and s o l i d s  were f i l t e r e d  w i t h  a 0.45-micron 
type FH Mil l ipore f i l t e r .  The residue was a i r  d r ied  and weighed. 
solut ion containing the  coal products and react ion solvent  ( t e t r a l i n  and 
naphthalene) were concentrated on a ro ta ry  evaporator t o  ca. 20 mL and p ipe t ted  
i n t o  ca. 400 mL of hexane, resu l t ing  i n  t h e  prec ip i ta t ion  of brown f lakes  of 
the  coal product. 
asphaltenes (P+A)) was weighed and examined by GPC and NMR spectroscopy. 
Occasionally, incomplete removal of t e t r a l i n  and naphthalene occured. In these 
cases ,  the  P t A  f rac t ion  was redissolved i n  THF and reprec ip i ta ted  from hexane. 
THF oxidat ion products were occasionally encountered, and were removed by 
prec ip i ta t ion  of a THF solut ion of the P+A f rac t ion  by adding ca. 5-ml of the 
THF so lu t ion  t o  about 100 mL water, which removes the  water-soluble THF- 
associated impuri t ies .  
GPC, react ion tubes were washed out  w i t h  THF, f i l t e r e d ,  and examined d i r e c t l y  
by GPC. 

Gel Permeation Chromatography of P+A, Whole Reaction Mixtures and THF Extracts .  
Gel permeation chromrttography was car r ied  out using one 500A and one l O O A  Waters 
Associates pStyrage1 
mL/min. The system was ca l ibra ted  w i t h  polystyrene standards from 600-17500 MW 
and w i t h  a var ie ty  of low molecular weight compounds below MW 400. 

1 3 C  NMR Spectroscopy of Preasphal tenes  + Asphal tenes  (PtA). 13C NMR spec t ra  of  
the  THF-soluble P t A  f rac t ions  were determined w i t h  a Varian VXR-300 operat ing 
a t  75 MHz. 250 mg of P+A f rac t ion  was dissolved i n  3.0 mL THF-d8 
containing 0.1 M Cr(acacf3. Spectra were acquired u s i n g  a 90° pulse ,  0.8-s 
acquis i t ion  time and a 3-s pulse delay w i t h  inverse  gated decoupling. The use 
of 3% C r ( a ~ a c ) ~  w i t h  inverse  gated decoupling has been reported(4) t o  produce 

u a n t i t a t i v e  r e s u l t s  f o r  SRC-I1 l iqu ids  w i t h  negl ig ib le  change i n  aromatici ty  
I f a )  f o r  pulse  delays beyond 4 seconds, and an increase i n  measured f a  of l e s s  
than 2% between pulse  delays of 2 and 5 seconds. To obtain aromatic/al iphat ic  
r a t i o s ,  the in tegra l  of the 50-10 ppm region obscured by the upfield THF-d8 
mul t ip le t  was corrected using the  integral .of  the  downfield 67.4 ppm THF peak 
and a carefu l ly  determined integral  r a t i o  of the two mul t ip le t s  of  the spectrum 
of a solut ion of Cr(acac)3 in  THF-d8. 
q u a l i t a t i v e  s ince  the e r r o r  for  this  procedure i s  probably 5-7%, while t h e  e r r o r  
i n  t h e  d i s t r i b u t i o n  i n  aromatic s t r u c t u r e  i s  lower. 

The f i v e  coals  (4-5 g each) were washed w i t h  
The THF solut ion was f i l t e r e d  

Tetra1 i n  

The tubes were opened and washed 

The THF 

The THF-sol ubl e ,  hexane-i nsol ubl e product (preasphal tenes  and 

For examination of the whole coal react ion mixtures by 

column i n  s e r i e s ,  e lu t ing  with THF a t  a flow r a t e  o f  1.0 

Approximate1 

The values of f a  must be considered 

RESULTS AND DISCUSSION 

Direct  ex t rac t ion  of the  coals  (Table I )  produced 2-12% of  THF-soluble 
product. I11 X6 i s  unique i n  i ts  high s o l u b i l i t y ,  whereas the  o ther  coa ls  a re  
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normal, e x h i b i t i n g  2-4% s o l u b i l i t y .  
c l e a r l y  i s  o f  low molecular weight, w i t h  60-90% below MW 600. I11  16 and P i t t  
t 8  g ive  not iceably  greater  amounts o f  mater ia l  above MU 600 than the  o the r  coals 
(Figure 1). 

Reaction o f  the coa ls  w i t h  t e t r a l i n  f o r  10 minutes a t  430° C produced y i e l d s  
varying from 3% f o r  Pocahontas t 3  t o  56% f o r  P i t tsburgh 18. 
the  10-minute react ions are q u a l i t a t i v e l y  i n  agreement w i t h  rank f o r  t he  various 
coals. Total conversions are higher f o r  Wyoming subbituminous, P i t tsburgh 18, 
and I l l i n o i s  #6. Not ice i n  Table I1 t h a t  whi le  Wyoming subbituminous exh ib i t s  
t he  h ighest  conversion, i t  produces on ly  25% preasphaltenes and asphaltenes. 
This means t h a t  up t o  50% o f  Wyoming subbituminous i s  converted t o  hexane solubles 
( t ransfer  l o s s  and loss  o f  v o l a t i l e s  i s  included i n  t h i s  upper estimate), making 
the Wyoming subbituminous by f a r  the most r e a d i l y  converted coal I n  t h i s  group. 
The dif ference between conversion and P+A (%) i n  Table I1  i s  the  y i e l d  o f  hexane 
solubles p lus  t r a n s f e r  l oss  and water loss, etc. 
produced i n  up t o  8% (Penn UF), 17%(Poc #3), 19%(Pi t t  #E), 15%(IL t 6 )  and 50%(Wyo 
Sub). 

coals a t  sho r t  reac t i on  t imes consis ts  o f  mater ia l  below 600 nominal molecular 
weight. The e f f e c t i v e l y  i n e r t  POC #3 produced p r l m a r i l y  low molecular weight 
mater ia ls  a t  both 10 and 40-minute reac t i on  times. The P+A f rac t i ons  a l l  e x h i b i t  
s i g n i f i c a n t  amounts o f  h igher  molecular weight mater ia l  (Table I V ) ,  cons is tent  
w i t h  the expected c h a r a c t e r i s t i c s  o f  THF-solubi l i ty. Among the h igh y i e l d i n g  
coals, P i t t  8, Wyo Sub, and I11 16, t he  P+A f r a c t i o n  o f  Wyo sub (Table I V )  shows 
the greatest  amount o f  product below MW 600, consis tent  w i t h  the  much greater  
apparent y i e l d  o f  hexane-solubles discussed above f o r  Wyoming subbituminous. 
GPC data f o r  e x t r a c t s  o f  raw coals, t o t a l  react ion mixtures, and preasphaltene 
+ asphaltene subfract ions a re  depicted i n  Figure 1. 

13C FTNMR spect ra of P+A f rac t i ons  determined f o r  t he  f i v e  coal ex t rac ts  are 
presented numerical ly i n  Table V. THF so l  ub i  1 i t y  and hexane so l  ub i  1 i t y  tends 
t o  produce mater ia l  o f  h igh p o l a r i t y  and ra the r  s i m i l a r  NMR charac te r i s t i cs  i n  
the  preasphaltene + asphaltene subfraction. The ranges o f  Table V correspond 
roughly t o  phenol ic  and a r y l  ether CO (168-148 ppm), subs t i t u ted  a r y l  C (148- 
129.5 ppm) and protonated a r y l  carbon (129.5-110 ppm), the l a t t e r  group inc lud ing  
protonated a r y l  carbon adjacent t o  a r y l  CO s t ructure(5) .  Wi th in  the  range o f  
probable e r ro r ,  
Wyo Sub, and P l t t  18 than f o r  Penn UF and POC t3, and h igher  r i n g  subs t i t u t i on  
f o r  POC t3 .  

The r e s u l t s  o f  t h i s  paper provide quan t i t a t i ve  data f o r  est imat ion of the 
amount and s t r u c t u r a l  d i s t r i b u t i o n  o f  products from shor t  residence t ime 
l i q u e f a c t i o n  of  the Argonne Premium Coals. A more de ta i l ed  spectroscopic study 
o f  the organic s t ruc tu re  o f  the Argonne coals i s  present ly  underway. 

The bu lk  o f  the d i r e c t l y  ext ractable mater ia l  

The y i e l d s  from 

Thus, hexane solubles may be 

GPC data o f  Table I11 show t h a t  the bu lk  o f  THF-soluble products from a l l  

. 

Table V r e s u l t s  i nd i ca te  higher a r y l  oxygen content f o r  I L  16, 

REFERENCES 

(1) 
(2) Franz, J. A., Camaioni, 0. M., a n d m e n s ,  W. 
M. L. Gorbaty and K. Ouchi), Adv. Chem. Ser. Am. Chem. SOC. Washington, 0. C., 

Franz, J .  A. and Camaioni, D. M. Fuel, 1984, 63, 990-1002. 
i n  "Coal St ructure"  (Eds. 

1981 192 75-94. 
(3) IF=;, J. A. m, 1979, 58, 405. 

326 



(4) Wilson, M. A . ,  Col l in ,  P. J., Pugmire, R. J . ,  and Grant, D. M. M, 1982, 

v) Davidson, R.  M . ,  "Nuclear Magnetic Resonance Studies o f  Coal," Report No. 
ICTIS/TR32, IEA Coal Research, 14-15 Lower Grosvenor Place, London S W l W  OEX, 
United Kingdom (ISBN 92-9029-126-5), January 1986. 

61, 959-967. 

327 



I 

Table 11. Asphaltene 
Coal W t .  Coal 

Penn UF 5 9  
POC 13 l g  

P i t t  18 4 9  
Wyo Sub 4 9  
I11 R6 4 9  

POC #3c 3.5 g 

b + Preasphaltene Yields from Coalsa 
W t .  Residue W t .  P+A %P+A Conversion ------------------------------------------- 

3.1 g 1.5 g 30% 38% 
0.8 g 0.03 g 3% 20% 
2.0 g 0.6 g 17% 43%c 
1.0 g 2.24 g 56% 75% 
1.0 g 1.0 g 25% 75% 
1.7 g 1.0 g 43% 58% 

a10 minutes, 430 5 OC. 

bbased on recovered coal ((Wt . Coal - W t .  Residue) / W t .  Coal ) , inc ludes 
t r a n s f e r  losses, hexane-soluble products not  Included i n  P+A. and 
p a t e r  losses. 

40 minutes, 430 I 5O C 

Table 111. GPC Data For THF-Soluble Products o f  Coal -Tet ra l in  
Unfract ionated Reaction Mixtures 

Coal Area % Area % Area % 

I11 16 3.9 17.3 78.8 
I11 #6a 0.3 13.2 86.5 
Pi t tR8 5.9 35.0 59.1 
Penn UF 1.0 28.1 70.9 
Wyo Sub 0.6 25.3 74.1 
POC R3 0.5 7.8 91.7 
POC #3b 0.6 11.0 88.4 

:Coal was pre-ext racted w i th  THF before react ion 

-----------__-_-------------------------------------------- 
MW Above 8500 MW 8500-600 MW Below 600 --------_______-----____________________------------------- 

----------------------------------------------------------- 
40-minute reac t i on  t i m e  
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Table V. 13C Spectroscopic resu l t s  from P+A f rac t i ons  

Coal D i s t r i b u t i o n  o f  Aromatic C Aromaticitya,% 
%, ppm range 

I11 86 10 44 46 81 
Wyo Sub 12 41 47 76 
POC #3 7 55 38 ND 
P i t t  18 10 43 47 80 
Penn UF 7 34 59 70 

168-148 148-129.5 129.5-110 

---------------------------------------------------------- 
aEstimated e r r o r  +5% 

Table V I .  GPC Data o f  THF Extracts o f  Premium Coals 

Coal Area % Area % Area % 
MW Above 8500 MW 8500-600 MW Below 600 

.......................................................... 

---------------------------------------------------------- 
I11 #6 1.6 30.6 67.9 
P i t t  88 5.1 31.9. 63.1 
Penn UF 0.2 10.9 89.0 
Wyo Sub 0.4 7.7 92.0 
POC 13 0.1 9.6 90.0 
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8500 600 130 8500 600 130 8500 600 130 ------------- Polystyrene Molecul a r  Weight Retention Values------------- 

A B C 

Figure I. Gel Permeation Chromatography Traces f o r  A) Unfractionated 
Coal/Tetralin Reaction Mixtures: B) Products of THF extract ion of  the  raw 
coals ,  and C)  THF-Soluble, Hexane-insoluble Products (Preasphaltenes and 
Asphaltenes). The coa ls  a re  Row 1, I l l i n o i s  #6; Row 2,  Pittsburgh #8; Row 3 ,  
Pennsylvania Upper Freeport; Row 4,  Wyoming Subbituminous; Row 5,  Pocahontas 
13 
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